Stimulation of exocrine cells via muscarinic receptors is associated with an activation of protein kinase C Eur. J. Biochem. 151, 1-10]. We show here that stimulation of isolated parotid gland lobules with 8 x 10-6 M-carbamoylcholine leads to a translocation of protein kinase C from the cytosolic to the particulate compartment within 30 s (25% and 45% of total activity recovered in the particulate fraction of controls and stimulated samples respectively). The specific enzyme activity in the particulate fraction increased to 169 % of the corresponding control value. After 10 min the changes started to reverse and, after 30 min, cytosolic protein kinase C was higher in stimulated than in unstimulated lobules. Isoproterenol (2 x 10-5 M) stimulated the release of amylase more than did carbamoylcholine, but did not significantly affect intracellular distribution of protein kinase C during the observation time of 30 min. In isolated pancreatic lobules a significant carbamoylcholine-mediated translocation of protein kinase C into the particulate fraction could be observed after 5 and 20 min, but not after 1 min. After 5 min the specific enzyme activity in the particulate fraction had increased to 153 % of the corresponding controls. The corresponding decrease (-38% ) in the specific enzymic activity of cytosolic protein kinase C stayed constant up to 30 min. In isolated parotid gland lobules a-amylase secretion proceeded at a linear rate already during the first 1 min of stimulation, whereas in pancreatic lobules a measurable rate of a-amylase secretion did not occur before 5 min. These differences in time course paralleled the differences in the onset of translocation of protein kinase C. The results support a direct involvement of protein kinase C in carbamoylcholine-mediated but not in isoproterenol-mediated stimulation of exocytosis in exocrine cells.
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INTRODUCTION
Protein kinase C represents one of the intracellular protein kinases that can be regulated by second messengers (Takai et al., 1979a,b; Kishimoto et al., 1980) . Among them, diacylglycerol is of special importance as it increases the affinity of the enzyme for calcium. Phorbol esters seem to activate protein kinase C by the same mechanism as do diacylglycerols (Castagna et al., 1982) . They induce in addition a shift of the intracellular distribution of the enzyme from the cytosolic to the membrane compartment(s) of the cell (Kraft et al., 1982; Kraft & Anderson, 1983; McCaffrey et al., 1984) . Wooten & Wrenn (1984) have observed such an effect of phorbol esters also in isolated rat pancreatic acini. The question is whether more physiological stimuli also lead to a redistribution of protein kinase C. In experiments with permanent cultured cell lines various groups have shown that receptor-mediated stimulation involving the polyphosphoinositide cycle indeed leads to a shift of protein kinase C from the cytosol to the membrane fraction (Fearon & Tashjian, 1985; Drust & Martin, 1985) . Only Hirota et al. (1985) studied the effect of a stimulus on protein kinase C distribution in a nonpermanent cell culture system (rat pituitary gonadotrophs) and found a shift of protein kinase into the membrane fraction within 10-20 min following stimulation with gonadotropin-releasing hormone. Data concerning the distribution behaviour of protein kinase C in exocrine glands in the presence of physiological stimuli are missing. We show here for the first time that stimulation with the acetylcholine analogue carbamoylcholine leads to a translocation of protein kinase C from the soluble to the particulate compartment in isolated lobules from the parotid gland and the pancreas of the guinea pig. The different time course of onset of exocytosis in the two glands is paralleled by corresponding differences in the time course of translocation of protein kinase C. Isoproterenol, which stimulates exocytosis in the guinea pig parotid gland even more than carbamoylcholine, does not have a measurable effect on the distribution of protein kinase C. This was performed as described previously (Scheele & Palade, 1975; Padel et al., 1982) . After preincubation for 15 min in Krebs-Ringer/Hepes supplemented with 5 mM-glucose and 0.02% bovine serum albumin the medium was replaced by fresh medium and 15 min later, carbamoylcholine (final concn. 8 x 10-6 M) was added. At the time points indicated, aliquots (100 ,u) of the incubation medium were removed for the determination of a-amylase activity according to Bernfeld (1955) . In experiments where the distribution of protein kinase C was determined earlier than 15 min after application of the stimulus, incubations for the determination of a-amylase secretion were run in parallel. At the time points indicated after addition of carbamoylcholine the incubated lobules were rapidly removed and washed with ice-cold 'stop solution' (0.3 M-sucrose, 20 mM-Tris/HCI, pH 7.4, 2 mM-EDTA, 50 mM-2-mercaptoethanol, 4 ,ug of leupeptin/ml, 0.1 mM-phenylmethanesulphonyl fluoride and 10 ,sg of aprotinin/ml). Subsequently the lobules were homogenized in a glass/Teflon Potter homogenizer with 5 vol. (v/w) of the 'stop solution' and centrifuged at 600 g for 5 min to remove unbroken cells. The pellet was resuspended in 1 ml of 'stop solution' and centrifuged again at 600 g for 5 min. The two resulting supernatants were combined and centrifuged for 60 min at 100000 gav.. The resulting pellet was resuspended in buffer A (20 mM-Tris/HCl, pH 7.4,2 mM-EDTA, 50 mm-2-mercaptoethanol, 4,ug of leupeptin/ml and 100 ,jg of aprotinin/ml) containing in addition 2.5 mM-EGTA and 0.3 % Triton X-100 and left on ice for 1 h. The suspension was centrifuged for 60 min at 00000 vav. and the supernatant used for the determination of particulate protein kinase C activity.
DEAE-cellulose chromatography
The supernatants from the first 100000 g centrifugation ('cytosolic fraction') as well as from the second 100000 g centrifugation ('particulate fraction') were loaded onto small DEAE-cellulose columns (0.5 cm x 4 cm) which had been equilibrated with buffer A. After loading, the columns were washed with buffer A and protein kinase C activity was eluted with 75 mM-KCl. Protein kinase C was usually eluted completely in 2-2.5 ml.
Assay of protein kinase C activity
The enzyme activity was assayed in a final volume of 0.1 ml containing (final concentrations):20 mM-Hepes, pH 7.4, 10 mM-MgCl2, 0.5 mM-CaCl2, 0.25 mg of histone IIIS/ml, 50 ,tg of phosphatidylserine/ml, 5 #tg of diolein/ ml and 20,l of the protein-kinase-C-containing DEAEcellulose eluate. Assays in the absence of phosphatidylserine and diolein served as controls. After thermoequilibration (30°C for 5 min), the reaction was started by addition of [y-32P]ATP (final concn. 50/tM; 200 d.p.m./pmol). After 10 min the reaction was stopped by addition of 20,1 of 50 mM-potassium phosphate, pH 7, containing in addition 10 mM-EGTA, 2 mM-EDTA, 5 mM-unlabelled ATP and 5 mg of bovine serum albumin/ml. The stopped reaction mixture was applied to Whatman glass fibre filters (diam. 2.4 cm) and the protein precipitated onto the filter with 25% (w/v) trichloroacetic acid. The filter plates, which had been placed on a multi-well suction funinel, were washed under vacuum with 25% trichloroacetic acid (about 15 ml/filter) and placed into glass counting vials. The radioactivity was counted as Cerenkov radiation. The sum of protein kinase C activity in the soluble and the particulate fraction amounted to 83% of the activity measured in total homogenates treated with 0.3% Triton X-100. In the following, total protein kinase C activity is Table 1 . Effect of stimulation with carbamoylcholine on the intracellular distribution of protein kinase C in isolated guinea pig parotid gland lobules Guinea pig parotid gland lobules were prepared and incubated as given in the Experimental section. Immediately before and 30 s, 10 min and 30 min after addition of carbamoylcholine (8 x 10-6 M), lobules were removed and analysed for soluble and particulate protein kinase C activity. The distribution of protein kinase C is expressed as a percentage of total protein kinase C measured in the total particulate and the total soluble fractions. Total protein kinase C activity at time zero (particulate+ soluble) was 2479 + 142 pmol/min per 300 mg wet wt. (means+S.E.M., n = 6). The numbers in parentheses give the distribution of total protein in the protein-kinase-C-containing soluble and particulate fractions as a percentage of the sum of total protein in both fractions. The values in the table represent means+S.E.M. from three to five experiments for each time point. (P) and (S), particulate and soluble fractions respectively. *P < 0.001 versus controls, **P < 0.01 versus controls. In the unstimulated state only 25% of the total activity of protein kinase C was recovered in the particulate fraction (Table 1) . During the 30 min of incubation a shift of protein kinase C from the cytosol to the particulate fraction could be observed under control conditions: after 10 min 34% and after 30 min 46% of total protein kinase C activity was detected in the particulate fraction (Table 1) .
Stimulation with carbamoylcholine. Following stimulation with 8 x 10-6 M-carbamoylcholine a significant shift of protein kinase C activity from the cytosol to the particulate fraction occurred which was most pronounced 30 s after the addition of the secretagogue (Table 1 ). The specific enzymic protein kinase C activities cannot be given per mg of particulate or soluble protein as protein kinase C activity could only be measured reliably after DEAE-cellulose chromatography. However, since tissue preparation and DEAE-cellulose chromatography were performed in a standardized way, the specific enzyme activities in the eluates from the DEAE-cellulose columns can be compared. Moreover, the total amounts of protein in the protein-kinase-C-containing fractions remained unchanged (Table 1 ). After 30 s of stimulation the specific protein kinase C activity in the particulate fraction had increased to about 170% of that of unstimulated controls, whereas the specific activity in the eluate from the soluble fractions had decreased to about 55% of that of unstimulated controls (Fig. 1) . After 10 min of stimulation the specific activities in the stimulated samples had already started to revert to the control state (Fig. 1) .
In accordance with the rapid effect of carbamoylcholine on the intracellular distribution of protein kinase C, the stimulation of exocytosis seems also to take place almost immediately after application of the stimulus, as indicated by the release of amylase (Fig. 1) .
Stimulation with isoproterenol. Under our experimental conditions, isoproterenol stimulated exocytosis as least as well as did carbamoylcholine (compare Fig. 1 and Table 2 ), but had no significant effect on the distribution of protein kinase C or its specific activity at any of the time points measured ( corresponding changes in the specific enzyme activities (Fig. 2) . The slower onset of intracellular translocation of protein kinase C in pancreatic lobules following stimulation in comparison with parotid gland lobules corresponds with a slower onset of exocytosis (Fig. 2) .
DISCUSSION
The . (2) Phorbol esters can stimulate exocytosis from isolated guinea pig pancreatic acini without the need for further agonists (Gunther, 1981; Wrenn, 1984) and from guinea pig parotid glands in the presence of low concentrations of a calcium ionophore .
Stimulation of exocytosis with isoproterenol is associated with the same phosphopeptide pattern in the ribosomal protein S6 as observed during stimulation with carbamoylcholine (Padel et al., 1983; Padel & Soling, 1985) and also with a similar rapid increase in diacylglycerol (Soling et al., 1985) . We had therefore discussed the possibility that isoproterenol might in addition to stimulating cyclic AMP-dependent protein kinase also enhance protein kinase C activity. This has to be questioned now in the light of the results reported here and on the basis of more recent experiments which indicate that the cellular diacylglycerol pools seem to be compartmentalized (H.-D. S6ling & W. Fest, unpublished work) . Protein-kinase-C-catalysed phosphorylations that could be directly linked to exocytotic processes have not yet been identified. Wrenn (1984) as well as Burnham et al. (1985) have recently described an association of protein kinase C with the secretory granule membrane from rat and mouse pancreas respectively. These authors have also described a number of proteins associated with the secretory granule membrane which could be phosphorylated by protein kinase C. However, one has to await further research in order to see whether these proteins also become phosphorylated by protein kinase C in intact stimulated exocrine glands. 
